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BBeaenue

Pa3BuTue MeTO/I0B YMCICHHOTO MOAEIMPOBAHUS U MOBBIIIEHHE TPOU3BOAUTENLHOCTH DBM B mocienHue roas! OTKPHIBACT
Bce 0OJIbIIIe BO3MOKHOCTEH ISl PEIICHHsI CaMbIX CJIOXKHBIX MHXKeHepHBIX 3a1a4. C pazButueM CAE-nakeToB OTKPBUIMCH HOBBIE
BO3MOKHOCTH K BCECTOPOHHEMY aHAIM3Y BIHMSHUS (PU3NYECKHUX MPOLECCOB HA IPOSKTHPYEMYIO KOHCTPYKIIHIO.

OpHUM U3 IEPCTIEKTUBHBIX HANPABIECHUIN TaKOTr0 pa3BUTHUSA BUAMUTCS MPOBEJCHNE MHOTOAUCIUIIIIMHAPHBIX PACYETOB.

OAO «IKBM» BXOIMT B YHCIIO TUAUPYIOMNX HOCTABIINKOB HACOCHOTO M AUCTAHIIMOHHO YIIPABIIEMOro 000pYAOBaHUS IS
00BEKTOB HCIIOIB30BAHHUSA ATOMHOM HEPTHHM POCCHHCKHX M MEXKIYHAPOAHBIX NPOEKTOB. BhImyckaemas MpOIyKIUs OKHA
OTBEYaTh CAMBIM BBICOKHM TpPeOOBAaHMSIM B 4acTH OE30IIaCHOCTH, HAJEKHOCTH M 3(P(PEKTUBHOCTH, MPH ITOM HMETh HU3KYIO
METAUIOEMKOCTh U Ce0eCTOMMOCTh. DBHeIpeHWe HOBBIX pacyeTHBIX METOJUK C IENbI0 ONTHMHU3AIHWK KOHCTPYKIUH
MIPOU3BOANMOTO 00OPYIOBaHMS IO3BOJISIET BBIBECTH IPOLECC NPOSKTHPOBAHMS TAKOTO 0O0OpPYZOBaHMS HAa Ka4eCTBEHHO HOBBII
YPOBEHb, a YUUTHIBasE HOMEHKJIATYpPy BBIILYCKAacMOW NPOMYKIWH, COBMECTHOE PEIICHHE HMPOYHOCTHON M THMAPOIUHAMHYECKOH
3aj1a4 SABJISIETCS IPUOPUTETHOH LIEbIO.

VY4eT CI0KHOTO B3aUMOAEHCTBUS <OKMIKOCTb-KOHCTPYKLMS» TpeOyeTcst NpH MOJCIUPOBaHMM LEJOro psjga 3aj1ad.
CHOXHOCTh COBMECTHOW IIOCTAaHOBKHM NPOYHOCTHON M THUAPOJMHAMUYECKOHN 3aJaud 3aKiIIOuaeTcsd B Pa3IHYUM PacdeTHBIX
obJacTeil U MOIX0/I0B K AUCKPETH3ALMH YPABHEHHUH.

Jlanee 1o TEKCTy paccMOTPEHa BO3MOXKHOCTh YHCJIEHHOTO MOJCIUPOBAHMS TEUEHHs B MIPOTOYHOM YacTH OCEBOTO Hacoca B
nporpammaoM KoMmintekce FlowVision HPC ¢ mocnenyromieii mepegadeii Harpy30ok B MpOTPaMMHBIA KOMILIEKC MPOYHOCTHOTO
aHamu3a ANSYS.

Onucanne KOHCTPYKIMH

PaccmarpuBaemast KOHCTPYKIHUS MPECTABIACT cOO0M TIaBHBIN MUPKYISIIUOHHBINA HACOC — BEPTUKANBHBINA arperar, B COCTaB
KOTOPOTO BXOAAT HACOC C JIOMACTHOW CHCTEMOH OCEBOTO THIIA, IPEAHA3HAUYCHHBIA M OO0eCledeHUs IHPKYJSIHH
JKUIKOMETAUTHIECKOTO TEIUTOHOCHTENs. HampaBieHne ABWKCHHS TEIUIOHOCHTENS depe3 HacoC — CBEpXYy BHH3, BBIXOJA U3
HAaIpaBJIAIONIETO anmapara Hacoca — OCEBOM.

MepuauaHHOe ceuyeHHe IPOCTPAHCTBEHHOM MOJIENIM HACOCHOM 4acTH MpeACTaBIeHO Ha puc. 1.

T'uapaBnmueckast 9acTh MpeaHa3HAYCHA JIsI 00SCIIeYCHUsT HEOOXOAUMBIX MAPaMETPOB MOTOKA TerIoHOCUTe 1. OHAa COCTOUT
U3 BXOJHOTO HaIPaBIISIONIETo anmnapaTa, oceBoro PK 1 BEIXOAHOT0 HampaBIIAIOLIETo anmnapaTa.

BxogHou
HanpasnALWMIA
annapar

Pabou4ee Koneco

(PK)

BbixogHon
HanpasnALWMA
annapar

Puc. 1 — MepuauanHoe ceueHre IpOoCTPaHCTBEHHOM MOJeNI HACOCHOM 4acTH
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http://www.tesis.com.ru/software/flowvision/fv3.php

MeTtoauka pacuera

IIpu mpoBeACHWU COBMECTHOTO MPOYHOCTHOTO M THUAPOJUHAMUYECKOTO pAcueTa BO3HUKAIOT CIIOKHOCTH, CBSI3aHHBIC C
Pa3HOCTBIO KaK B IIOCTAHOBKE 3a/1a4M B YACTH PA3JIMYMs PACYCTHBIX 00JIaCTeH, TaK U B IOJXOJIC K IUCKPETH3AINN YPABHCHUIA.

MonenupoBaHus TSUCHUS KUAKOCTH B PAMKaxX MPOTOYHOMN YaCTH HACOCA BBITIOJIHEHO CPECTBAMHK MIPOrPAMMHOTO KOMILIECKCA
FlowVision HPC.

[IpouHOCTHAsI YacTh 3a/a4M MPEACTABISIET COOO¥ pacder HampsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUS pabodero Koieca
Hacoca. [IpM 3TOM HUCXOAHBIMH JAHHBIMH JJisi TAaKOIO pacdyera, MOMHMO TI'€OMETPHU PACUYETHOW MOJCIH, SIBISIOTCS
JMHAMHYECKUE HATPY3KHU, TOJyYCHHbIE B y3JIaX KOHEYHO-3JIEMEHTHOW CETKM Ha MOBEPXHOCTH pabouero kKojieca B pe3yjbTare
peLIeHus THAPOJMHAMHUYIECKOM 3a/1a4H.

Hns ynobctBa u  Oousbiieii MHOOPMATUBHOCTH MHPOYHOCTHYIO M THAPOJMHAMHYECKYIO YacTh 3aJaddl PacCMOTPUM
[IOCJIEIOBATEILHO.

ITocTaHOBKY 3a/1a4¥ B YaCTH MOCTPOCHHSI PACYUCTHON MOJIENIA PACCMOTPUM COBMECTHO.

OO01m1ast CTpyKTypa COBMECTHOTO IPOYHOCTHOT'O M THPOJINHAMHYCCKOTO pacuera MpeCTaBlicHa Ha puUc. 2.

UcxoaHana reomeTpusa
ProE

FeomMeTpuA pac4yeTHoW Mogenu
Solid Works

ANSYS Flow Vision HPC
MOCTPOSHNE KOHEUHO-3NEMEHTHOM CETKM MMNOPT FEOMETPMA NPOTOUHOR YaCTI B
H3 OCHOBAHMM FE0METPHI PAGOUETa opmate STL
KOMECa ¢ NOCNE/YIOWAM SKCNOPTOM B MMNODT reoMeTpMN paGouero Koneca Ha
thopmare “.cdb OCHOBaHHM
KOHEUHO-3MEMEHTHOM CETKM B (hOpMATE
*cdb

ANSYS
MMNOPT HArpy30K B y3Nax KOHEUHO-
SMEMEHTHON CETKH,
B pesyneTate
THAPOAHHAMHYECKOTO PACYETa

Puc. 2 — 061_1_[3.9[ CTPYKTYypa COBMECTHOI'O MPOYHOCTHOT'O U TUAPOANMHAMHUYECCKOI'0 pacyeTa
IMocTpoenue pacuerHoii moaesau. Solid Works

Solid Works, B ycioBusiX MOCTaBICHHON 3a/1a4H, NCTIOJIB3YETCS ISl IOCTPOCHUS] TE€OMETPUIECKONH MOENIN NPOTOYHOH YacTH
I'IIHA. KoucTpykTOpckas Moiens umnoptupyercs B SW B ¢popmare parasolid.xt v BKIIro9aeT B ceOst IPOTOYHYIO YaCTh HAcOcCa H
pabouee kosieco (potop). IIpobraemsbl, Bo3HHKAtOUIMEe Npu 3KcHopTe u3 ProE, 3aximouaiorcs B HEBO3MOXKHOCTH PAacClO3HATh
UCXOAHYIO TreoMmeTpuio cpejactBamu Feature Works, u, Kkak cieacTtBue, B OTCYTCTBUM TBEpPJOTEIbHOW T'€OMETpPUH.
HMnopTupoBaHHast TeOMETPHUS MpeCTaBlIeHa HA0OPOM MOBEPXHOCTEH. YUHUTHIBAst HASHTHYHOCTh TeOMeTpHUdecKoro sapa SW u
FlowVision HPC, HeoOXoauMbIM [UIs MOCTAHOBKHM 33JaYd SIBJISICTCS IOJYYEHHE TBEPAOTEIbHON MOIEIH, IOJHOCTHIO
pacnioznanHoi Feature Works. Tak ke HE0OXOAMMO YYUTHIBATH B3AUMHOE PACIIOJIOKEHHE PabOUero Kojieca U CTaTOPHOI yacTu
JUIL KOPPEKTHOI'O PasMEIEHHs YKa3aHHOW FeOMETPUH IIPU IOCTAHOBKE T'UAPOJMHAMUYECKOM 3aaun.
Jns co3maHMs TOJHOLEHHOW pacyeTHOH MOJeNM TpeOyeTcsl NMPaKTHYeCKH IIOJHOE €€ IepecTpPOeHHE, INPOU3BOJINMOE B
HECKOJBKO 3TAIlOB:
e B SW coznaercs pacueTHas Monenb, HA OCHOBAaHMHM HMIIOPTUPOBAHHON MCXOAHOM IE€OMETpUHM MPOTOYHON 4YacTH U
HEePEeCTpanuBaeTCs 0 MOJIy4EHHs TBEPAOTEIBHON MOJEIH.

e B SW coznaercs pacuerHas MoJeib, Ha OCHOBaHHUM HMIIOPTHPOBAHHOW HCXOJHOW reomeTpuu pabodero kojeca M
MIEPECTPANBAETCS 10 MOTYUSHHS TBEPAOTEIEHOW MOJEIH.

e B SW coznaercs cOopka, mpeacTaBistonas co00i Kak pOTOPHYIO, TaK M CTAaTOPHYIO YacTh arperara. B Hel onpenensercs
B3aMMHOE TI0JI0KEHHE POTOpa U CTaTOpa M 00IIas cucreMa KOOpIuHaT.

o [Ipu morameHHOW CTaATOPHOM YaCTH, IPOU3BOIUTCS IKCIIOPT reoMeTpun padbodero kojeca B popmare parasolid.xt.

e [lyreM BBYUMTAHUS TEOMETPHUH TNPOTOYHON HYACTH HAcOca M3 TBEPIOTO Tejla, pa3MepaMH IPEBBIIAIONINMH Pa3MepH

arperara, HOJIy4eH 00beM XKHJIKOCTH, 3aKJII0YEHHOI B paMKaX OIMCaHHOW KOHCTPYKIIHH.

Ha puc. 3 nokazana pacdeTHasi MOJIellb, PEACTABISIONIAs CO00H 00bEM XHMIKOCTH, 3aKJIIOUEHHOM B paMKax OIMCAHHOMN
KOHCTPYKLUH.

ITocTpoenne pacuyernoii mogeau. ANSYS

[ocTpoenue pacueTHO# Mozaenn pabodero Kojgeca U MOCTPOCHHUE KOHEYHO-3JIEMEHTHOM CeTKH, OCHOBAaHHOW Ha MOJyYeHHOU
reomerpui, npousBoantcs cpeacreamu ANSYS. ITpu stom B ANSY'S nmnoprupyercst reomeTpust pabouero koseca B popmarte
parasolid.xt, mepectpoennas cpeacrsamu SW.



PacuerHas Mozgens pabouero kojieca pa3duTa Ha KoHeuHble neMeHThl Tuna SOLIDS7 (TpexmepHbie, deThipexrpannble, 10-
TH y3JIOBBIE).

VKa3aHHBIA THUI KOHEYHOrO 3JIEMEHTa BBIOpAH HCXOJsS M3 HEOOXOAMMOCTH Mepefadd KOHEYHO-3JIEMEHTHOW CETKH B
nporpaMMHbIi koMinieke FlowVision HPC B ¢popmate *.cdb.

CrenepupoBannbiii ANSYS *.cdb ¢aiin HeceT B cebe HHPOPMALIUIO O THUIIC KOHEYHOTO 3JIEMEHTa, HOMEpaxX M KOOPIUHATAX
y3JI0B KOHCYHO-3JICMEHTHOMH CETKH.

Puc. 3 — Pacuernas MOJEIJIb, NPEACTABIIAIOIIAA c000i1 00beM KUIAKOCTH, 3aKITIOYEHHOU B paMKax OIUCAaHHOM KOHCTPYKIIUHN

Ha sToM 3Tamne, moMIMO BCEro Npovero, He0OX0ANMO 00ECIIEYNTh HMIIOPT CHCTEMbI KOOPAUHAT U COOTBETCTBHE MacIITabOB.
Ha puc. 4 npencraBnena pacdeTHas Mojeib pabodero Koieca.

Puc. 4 — PacueTHas Mozens pabodero Koieca Puc. 5 — Koneuno-anemMeHTHas: MOZEeb pabovero Kojeca

Ha puc.5 npencraBieHa KOHEYHO-3IIEMEHTHAS. MOZEIH pabodero Kojeca.
ITocranoBka 3agauu. FlowVision HPC

PacyerHas Monens HPOTOYHOM YaCTH, HpeACTaBIIONas cob0il 00BeM KMIKOCTH, 3aKJIIOYCHHBIH B paMKaxX yKa3aHHOU
KOHCTPYKLIMH, IMIOPTUPYETCsI B IporpaMMHblil komiuteke FlowVision HPC B popmate STL.

Pacyernas mozens pabodero koneca, comeprkarias HHPOPMAIUIO 0 KOHEUHO-3JIEMEHTHOH CeTKe, MOCTPOCHHOM CpeACcTBaMHU
Workbench, umnoprupyercs B nporpammusiii kommieke FlowVision HPC B dopmate *.cdb B kauecTBe MMIOPTUPOBAHHOI'O
o0bekTa. Ha ero ocHoBaHMU cO3/1a€TCs MTOJIBUXKHOE TEJIO, MOAEIUPYIOLee BpallleHHe pabouero Kojeca.

T.k. Ipu mocTpoeHnn 000MX MOJAENEH HCIO0JIb30BaIach 00IIas CUCTEeMa KOOPAMHAT, B3aUMHOE PacIOIOKEHHE POTOPHOH U
CTAaTOPHOM YacTel COXpaHseTcs.

Ha sToMm sTane Ba)xHO MPOBEPUTH FEOMETPHUIO U MOJBIKHBIE TeIa HA CAMONEPECEUCHHUS.

Pacyernas Mozens rugpoArHAMHYECKON 3a1a4M IPEJCTaBIeHa Ha pUC. 6.

[Tocne ycrenmHOTO MMIOPTa TEOMETPUH PacdeTHON Monenu B mporpammMHbii komimieke FlowVision HPC, npomssogurcs
MIOCTaHOBKa 3a/1a4M B 4acTH omnpeaeneHus 'Y, pusnueckux nepeMeHHBIX U ITapaMeTpoB pacueTa.

[Ipexx e Bcero, onpenenuM OMOPHBIE BETMUNHBI — TEMIIEPATYPY U JAaBICHUE IepeKaunBaeMOi Cpeibl.

Hecmotpst Ha crienuduyecKuii COCTaB nepekaunBaeMoil Cpeibl, Bce OCHOBHBIEC MapaMeTPhbl U CBOWCTBA (Takue Kak MOJISPHAs
Macca, IIOTHOCTh, BA3KOCTb U T.JI.) ONPEENSIOTCS Yepe3 nHTerpupoBanHbiii B FlowVision pegakrop 6a3sl BELIECTB.

BaxHBIM 11 OCTAHOBKHM 33/1a4M SABJSIETCS MapaMeTp yrojl MPYNIUPOBKH, ONPEASIIIONNI KOMUYIECTBO IPYMII B PETHOHAX.
BrnocneactBun, 00beIMHIM HMEIOIIMECS TPYIIBI HA OCHOBAaHUH I'PAaHUYHBIX YCIOBUH M HCXOMHBIX TaHHBIX.

Puc. 6 — PacueTHast Moienb THAPOIMHAMUYECKON 3a/1a4n

B ncxoHOI KOHCTPYKIMH CYIIECTBYET psiji o0sacTeil — y3Kne KOJbLEBbIE TOJIOCTH, LIEIH U T.II., TEOMETPHYECKUE pa3Mephl
KOTOPBIX HE MO3BOJIAIOT KAUECTBEHHO PA3peIlaTh UX PacueTHOU ceTKOH. J[1s yCKOpeHus pacueTa U YMEHBILIEHHUS pPa3MEpPHOCTU
3aJayd B TAKUX 00JIACTSAX HCIOIB3YETCS MOJEINb 3a30Pa, MO3BOJIIOIIAS CYLIECTBEHHO 3KOHOMHTD BBIYUCIHUTENILHBIE PECYPCHI.

Ha puc. 7 mpencraBieH periuoH, ¢ reoMeTprel, 00beAMHEHHOH B TPYIITBI HA OCHOBAHUH I'PAaHIMYHBIX YCIIOBHH.

3



ITocne TOrO KaKk TPEyroJbHUKH OOBEIMHEHB! B COOTBETCTBYIONINE TPYIIIHI [0 YTy TPYIIIHPOBKH, KOJHYECTBO U T€OMETPHS
STHX TPYMI YIOBIECTBOPSIOT MOTPEOHOCTSAM PaCCTAHOBKH IPAaHMYHBIX YCIOBUII Ha TPEYTONBHUKAX, TEPEHIeM K OIpeaesICHHIO 1
paccTaHoBKe HenmocpeacTBeHHO ['Y.

Ha ocrHoBanum aHanm3a KOHCTPYKIUHU U TPEOOBaHHUNA K PacueTHON CeTKe, BBIACICHHI cuexyromue ['Y:

1.CreHka — MOJIETMPYET CTEHKH KOHCTPYKIIUU

2.Bxon — MoaenupyeT BXoJ B HACOC, Ha BXOJI€ 33]ae€TCsI HYJIEBO€, OTHOCUTEIBHO OIOPHOTO, TaBJICHHE.

3.BBIX0a — MozenupyeT nonepeyHoe ce4eHre HarmopHoTo naTpyoka, Ha BBIXOJIE 33/1aeTCsl HOpMaJlIbHAsi MaccoBasi CKOPOCTh C

OTpHLIATEIEHBIM 3HAKOM.

4.Koneco — MoaenupyeT BHEIIHMIA OaHIaX pabovero Kojeca. Y pOBCHb aIalTalluu 2, CJIOCB sS4eeK 6.

5.JlomaTku Kojieca — MOAEIUPYET JIONIATKH pabouero Kojeca. YpoBeHb aanTaluy 2, CJI0eB s4YeeK O.

6.JlomaTku ctatopa. YpOBEHb aalTauy 2, CIOEB SUeeK 4.

7.JlomaTku Ha BXOzEe. YPOBEHb aJanTaIiu 2, CIIOEB sTIeeK 4.

Puc. 7 — Pernon, ¢ reomeTpueii, 00beTMHEHHOH B TPYIIIBI HA OCHOBAaHUH TPAHUYHBIX yCIOBUI

Takum 00pa3zoM, Bce TpaHMYHBIEC YCIOBHS PAcCTaBJICHBI, a 3aJaHUs MapaMeTpa afanTaliy IO3BOJIAET pa3peliaTh CETKYy B
0c000 KPUTHYHBIX MECTaX.

OTnenbHO OCTAaHOBHMCS Ha Ha4daJbHOM CeTKe, T.K. KAYeCTBO €€ MOCTPOCHMS CYIIECTBEHHO CKa3bIBaeTCS HAa CXOJIUMOCTH
pelIeHus U OTy4aeMBbIX pe3yiabTatax. CUIbHOE U3MENbYCHNE CETKH HETaTUBHO CKa3bIBaeTCsA KaK Ha pa3MEpHOCTH 3a/la4H, TaK U
Ha BpEMEHHM cueTa M Iare Ho BpeMeHH. ['pyOas ceTka MOXET AaBaTh He(U3MYHbIC pe3yJbTaTbl. VHTErpUpOBaHHBIH B
FlowVision penakTop HayalbHOI CETKH IO3BOJISIET CIEHEPUPOBATh HAYAIBHYIO CETKY, CTYCTHB €€ B KPUTHYHBIX MECTax, a
ompeneneHHsli B 'Y mapaMmerp amanTanuM MO3BOJIMT HOCTPOMTH PACUYETHYIO CETKY, VYIOBICTBOPSIOIIYIO YCIIOBHSIM
MOCTaBJIECHHOM 3aIa4H.

Ha puc. 8,9 npencrasnena HauanbHasi M pacueTHasl CETKAa B MEPUIUOHAILHOM CEUEHHUHU arperara.

Puc. 8 — HauanpHas ceTka B MEpHIMOHATIBHOM CEUCHUH arperaTa

Puc. 9 — PacuerHas ceTka

Hcnonb3oBaHue penakTopa HadyalbHOM CETKU U BKJIOYeHUs B 'Y mapaMeTpoB ajanTally CYLIECTBEHHO YIIPOILIAET CO3/JaHUe
pacYeTHOH CeTKH, OTBEYAIONICH TPeOOBAHUSIM ITOCTABICHHOM 33a]]auH, a UCTIOIb30BaHUs MOJEIH 3330pa MO3BOJISET CYIMIECTBEHHO
SKOHOMHTD BBIYUCIUTEIIBHBIE PECYPCHI.

ITocne Toro xak B cpexy mporpammuoro komiuiekca FlowVision HPC 6puta ycmemHo MMIOPTHPOBaHA pacdeTHAass MOIEIh
MPOTOYHOW YacTH W TeOMETpHs pabodero Kojeca BMECTe CO creHepupoBanHOW Workbench koHEYHO-37€MEHTHON CETKOM,
OTIpeieNIeHbl TPAHNYHBIE M HadalbHBIE YCIOBHS, M OCTPOCHA HaYaJIbHAS pacdyeTHasl CeTKa HEOOXOMMO HACTPOUTH MapaMeTphI
pacuera.

YupasieHre pacueToM IPOU3BOIAUTCS U3 BKIAIKU «ConBepy. 31ech HeOOXOIMMO ONPEACIHUTD IIar [0 BPEMEHH.

Hcxons u3 ycnoBuit mocTaBIeHHON 3a/1au, a TaK e YUUThIBas CIOXKHYI0 FT€OMETPHUIO MPOTOUHON YaCTH U HaJIMuKe B 3a/1a4l
MMOJIBMKHOTO Telia B BHIE poropa (pabouero koiseca), mar no BpeMeHu 3amaH uncioM CFL. Ilpu stom koneektmBHOe CFL
3a1aHo paBHbIM 50, a noBepxHocTHOE paBHbIM (,5. Takue 3HaU€HUs] KOHBEKTHUBHOIO M NoBepxHOocTHOro unciaa CFL mo3BossitoT
n30eKaTh HeYU3MYHBIX PE3yJIbTATOB, CBA3aHHBIX C M3MCHCHHEM 00bEMa PACUCTHOW SYEHKH B CBSA3HM C MOMAJaHUEM B ITOT
00bEM TBEpPAOTO Tela.



3nech Ke MOXKHO YCTaHOBHUTH OTPAHMUCHMS Ul pacdeTa MO aOCOIMIOTHBIM BEIMYMHAM IIEPEMEHHBIX, YTO B HEKOTOPBIX
CIIy4asX yCKOPSIET CXOJMMOCTh PEIICHUS.

Jnst monmydeHus MPOYHOCTHBIX HArpy30K B y3JaX KOHEYHO-3JIEMEHTHOH CETKH POTOpa HMCHONB3YETCsl BKIAaAKa «JKCHOPT
Harpy3ok». Ha ngaHHOM 3Tame HEOOXOAMMO ONpENeNHTh MapaMeTPhl 3KCIOPTa, a KOHKPETHEE, I'€OMETPUI0, Ha KOTOPOM
TpeOyeTcs MOIY4YUTh UCKOMBIE BEJTUYHHBI.

[omydeHHBIE pe3ynbTaThl COXPAHSIOTCS B TEKCTOBBIN (aiii, conmepkamuii uHGopManuio o0 y3max, UX KOOpAMHATAX M
MPOYHOCTHBIX Harpys3kax B y3iax. Mmmopt Harpy3ok B ANSYS mpoucxoauT mocie 10paboTKu CTPOK B (aiiiae HeoOXoanuMoi
cirykeOHOl mH(popMalell. B Xoze BBINOJIHEHHS JaHHOTO pacyeTa ObUIM BBISBIICHBI MPOOJIEMBI, KacaloIuecs COJepKaHHs
TEKCTOBOTO (haiiiia, a KOHKpETHEE HyJIEBbIC HATPY3KHU B y3JIaX KOHEUHO-3JIEMEHTHON CETKH.

B Hacrosiee BpeMsi JaHHas mpoOsiemMa pemaercsl pa3pabdoTyrkaMu M OyneT nocTymHa B Omwkaiimed Bepcuu FlowVision
HPC 3.08.02.

Pe3yJI])TaT])I THAPOAUHAMHUYECCKOI0 pacuera

B pesymerate mpoBemeHHOro cpencTBaMu mporpammuoro komiuiekca FlowVision HPC ruppommaammdeckoro pacuera
HPOTOYHOM YacTH MOIYy4YEeHBI BEKTOPHBIC HOJISI CKOPOCTEH, NaBICHHN M JIMHUM TOKA JKUAKOCTH IO BCEMY 00BEMY pacyeTHOH
obnactu.

[Nomy4yeHHbIe pe3yNnbTaThl JAIOT MPEACTABICHUS O KAYeCTBEHHON KApTHHE TCUCHHUS U ITO3BOJIIOT KOJIMYSCTBEHHO OLICHHTD
pacripeziesieHie UCKOMBIX IIEPEMEHHBIX B TIpeJiesiaX pacueTHON MOJIEIH.

[TomMumo mpoyero, MOJTYyYSHO MOJIE paclpeneIeH s AaBIeHUH 10 TTOBEPXHOCTH paboyero Koyieca, 4YTo MO3BOJISIET MepeiTh K
PELIeHUIO TPOYHOCTHOM 3a/1a4H.

Pe3ynpTaThl rHIPOAMHAMUYECKOTO pacyeTa IPOTOUYHON YacTH npeacTaBieHs! Ha puc. 10 — 16.

Puc. 10 - [Tone naBieHwi B MEPHIUOHATILHOM CEUCHHUH arperara

Puc. 11 — Ilone naBneHuii B CEUEHUH arperara 1o JuaMeTpy HalopHOTO maTpyoka
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Puc. 12 — Ilone naBneHuit Mo MOBEPXHOCTH JIOIATOK pabovero Kojeca

Puc. 13 — Ilosne ckopocTeii B MEpUIMOHAILHOM CEUEHUH arperaTta
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Puc. 14 — Jluann Toka paboyeil cpensl B paMKax OMMMCAHHOW KOHCTPYKIIUH

Puc. 15 — Iose naBieHuit B MPOIOTBHOM CEYCHHUH paboyero Koseca
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Puc. 16 — Ilone naBneHuid B MpoI0IEHOM cedeHnn pabodero koieca (2)

ITocranoBka 3agaun. ANSYS

[lomydeHHbIe B pe3yibTaTe THAPOANHAMHUYECKOTO pacdera JaHHbBIE, JAI0T MPEACTaBICHNE O C(HOPMUPOBABIIEMCS B PaMKax
HCXOJZHOW KOHCTPYKIIMH PEXKUME TCUCHUSL.

[TomydeHHOE Ha MOBEPXHOCTH pabOYEro Koyeca IoJie AABICHUH CBHICTEIBCTBYET O HAJIMYUH CHIIBHOTO B3aWMOAEHCTBUS
«OKUJIKOCTh-KOHCTPYKIIHS».

KagecTBeHHOE U KOJIMYECTBEHHOE OMMCAaHUE TAKOTO B3aUMOJICHICTBHS OCHOBBIBAEeTCSA Ha IPOYHOCTHOM aHAJIN3€ KOHCTPYKIUU
poropa. Pacnpenenenue naBieHMH 1O MOBEPXHOCTH pabouero koseca SBISETCS TPAHUYHBIM YCJIOBHUEM Ui NMPOYHOCTHOTO
aHau3a.

s akcmopra Harpy3ok u3 mporpammHoro komiuiekca FlowVision HPC B mpounocthoit maker ANSYS MokeT ObITh
IpOBEZIEHAa KaK B aBTOMAaTHYECKOM peXHUMe (HETIOCPEACTBEHHAs NTepeiadya Harpy30K Ha Y3716l KOHEYHO-3JIEMEHTHOH CETKH IyTeM
penaKkTUpOBaHUS TEKCTOBOTO (aiina, reHepupyemoro FlowVision mog cuatakcuc ANSYS), Tak 1 B pydHOM (3a7aHrE HATrPy30K
Ha MOBEPXHOCTH Pab0OYEro Koyeca B COOTBETCTBUH C KApTHHOW pacrpee]ICHUs JaBICHUS).

B HacTosmuit MOMEHT BO3MOXKHOCTD IIepeadll Harpy30K B aBTOMAaTHUECKOM PEXHMME HEBO3MOXHA M OyJIeT peal30BaHa B
cienytomiei Bepcuu FlowVision HPC.

B cBs3u ¢ 3THM, 3a/aHMEe HAarpy30K IPOU3BOJHUTCS B PYYHOM DPEXHME, UTO CHIDKA€T TOYHOCTHh MPOYHOCTHOTO aHaNn3a,
OJIHAKO TIO3BOJIIET KAaUYECTBEHHO OLIEHUTh BO3HUKAIOIIME B paMKax pabodero komeca HampspkeHHs. Ilpu 3amaHMm Harpysox
YKa3aHHBIM CIIOCOOOM, YIOOHBIM OKa3ajoCch 3aJaHHME IlapameTrpa HEMpPO3pavyHOCTH JUIS COOTBETCTBYIOIErO JAMAana3oHa
NEPEMEHHOM.

Ha puc. 17 moka3aHo 3a/1aHre HArpy30K B PYIHOM PEKUME.

Puc. 17 — 3amanue Harpy30k B pydHOM pexXuMe



Pe3y.]'leaT[>l NMPOYHOCTHOIO pacueTa

PacuerHas mopens pabodero koseca pa3OuTas KOHEYHO-DJIEMEHTHOW CETKOM IIOCTpoeHa Ha JTare MHOCTaHOBKU
THAPOJMHAMHYECKON 3a/1a49H.

[locne ompezneneHust CBOWCTB MaTepHajoB KOHCTPYKLIMHM M 3aJaHUs TPAaHUYHBIX YCJIOBHMH, IOJYYEHHBIX B pE3yJbTare
THIPOAMHAMIYECKOTO pacdera, moctaHoBka 3amaun B ANSY'S 3aBepieHa.

Pe3ynbraThl MPOYHOCTHOTO pacyeTa mpeAcTaBiIeHsl Ha puc. 18 — 20.

Ha puc. 18 mpencraBieHo mojie craTHIecKuX Aedopmannii pabodero kKoeca.

Ha puc. 19 npencraBieHo moje CTaTHIECKUX Y3JI0BBIX IIepeMenIeHnil pabodero xKojeca.

Ha puc. 20 npencraBneHa MHTEHCHBHOCTb CTATHIECKUX Y3JIOBBIX HANpPsDKEHNH pabodero Komeca.

3akiaouenue

B nanHOM Jfokiajze omucaHa METOAMKA TMPOBEACHHUS COBMECTHOTO MPOYHOCTHOTO U THUAPOJUHAMHYECKOTO pacyeTa
cpencTBamu mporpaMmHbix koMmiuiekcoB FlowVision HPC u ANSYS, oT mOArOTOBKM pacyeTHBIX MOJIENIEH 0 TOTY4CHUS
KOHKPETHBIX PE3yJIbTaTOB.

Puc. 18 — Ilone cratndeckux aedopmaiuii pabodero xoueca

Puc. 19 — Ilone craTndeckux y3JOBBIX MEpeMeEIIeHNI pabodero Koieca



Puc. 20 — IHTEHCHBHOCTb CTaTHYECKHX Y3JIOBBIX HAIIPsDKCHUH pabodero koieca

[IpoBeneHne TakUX COBMECTHBIX PAacYeTOB MO3BOJSACT ONTHUMHU3UPOBATH MCXOTHYIO KOHCTPYKIHUIO B YacTd 3(pdekTuBHOCTH,
HaJEKHOCTH U METAJZIOEMKOCTH 32 CUET YMEHBIIEHUSI KOHCEPBAaTUBHBIX 3aI1acoOB.

CnengyeT OTMETUTh, YTO JaHHBIE, NOJYyYEHHBIE B PE3YJIbTATE TMAPOAMHAMMYECKOTO PACUYETa, BBHIIOJHEHHOIO CPEICTBAMH
nporpammuoro komiuiekca FlowVision HPC, HocsT ckopee 3kcrepuMEHTaIbHBIN, ueM TeopeTndeckuil xapakrep. [locnennee
MO3BOJIIET CYIIECTBEHHO COKpPaTUTh BpEMs Ha MPOEKTHPOBAHUE arperara, T.K. OTKPHIBAET BO3MOXHOCTH K OLEHKE €ro
3G (GEKTUBHOCTH €Illeé Ha 3Tane 3CKU3HBIX IMPOCKTOB. BO3MOXHOCTH C BBICOKOW TOYHOCTBIO OINPEHCNIATh HAMPSDKCHHUS,
BO3HHKAIOIIUE B PAMKaX HUCCICAYEeMON KOHCTPYKIIMH, TaK e MO3BOJIACT U30EKATh CEPHE3HBIX OIIMOOK IMPHU MPOCKTHPOBAHUHU U
JlaeT KaueCTBEHHOE MPEJCTABICHNUE O HATIPSKEHHOM COCTOSIHUU KOHCTPYKLIHUH.

Ha ocnoBanun MPOBCACHHBIX PACUCTOB BLIABJICHO, YTO BO3MOXHOCTH MNPAMOI0 3KCIIOpTa HArpy3okK MEXKAY YKasaHHbIMU
MPOrpaMMHBIMM KOMIUIEKCAMU Ha JaHHBI MOMEHT peajn30BaHa HE MOJHOCThIO. Peanmuzanus 3TOH BO3MOXKHOCTH B MOJHOM
Mepe, IOMHUMO TOBBIILIEHUS! TOYHOCTH MPOYHOCTHOIO aHANIM3a, OTKPHIBAET MYTH K MPOBEIAEHUIO COBMECTHOTO MPOYHOCTHOTO,
TEIUIOBOTO U THAPOAMHAMHYECKOTO pacyera, T.€. K BO3MOXKHOCTH MPAKTHYECKU IMOJIHOIO MAaTEMAaTUYECKOTO OMMCAaHUs, Kak
caMoOi KOHCTPYKIIHH, TaK U IPOUCXOAAIINX B €€ paMKaX (PH3MUECKIX IPOIIECCOB.

IIpuoputeTHolt 3amauell SBISETCS OpraHu3alusl ABYXCTOPOHHEH CBSI3M MEXIY MNPOYHOCTHBIM M THAPOJMHAMUYECKUM
aHaJM30M Ha YpOBHE MPOrPAMMHBIX MAKETOB.

CoBMecCTHBIE PACcUYeThl OTKPHIBAIOT IMIMPOKHUE EPCHIEKTUBBI B YaCTH ONTUMH3AINH TPOSKTHUPYEMBIX KOHCTPYKITHH, TTO3BOJISET
JZ[O6I/ITI>C$[ BBICOKHUX TEXHHYECCKHUX U J3KOHOMUYCCKHX HOKa3aTeHeﬁ, a TaK XK€ BBIABJIATHL HCAOCTATKU KOHCTPYKHOHMU Ha ITaIC
9CKHU3HOI'0 MPOCKTa U CYIIECTBEHHO COKPATUTH BPEMS MPOCKTUPOBAHHA C OAHOBPEMEHHBIM MOBBINICHUEM Ka4Y€CTBA KOHEYHOTO
MPOAYKTA.

Cnmcok Jurepatypsl

1. XKnyrkos C.B., AkcenoB A.A., Xapuenko C.A., Mockane U.B., Cymxo I'.b., Hlumaesa A.C. MonenrpoBaHue OTPBIBHBIX
TeueHui B mporpammaoM komiuiekce Flow Vision HPC, Beraucnutensabie MeTObI U TporpammupoBanue, 2010, T 11, No2.

2. Hlnuxtusr, I. (1974) «Teopus morpanngHoro cios», Mocksa, Hayka.

3. Wilcox, D.C. (1994) «Turbulence modeling for CFD», DCW Industries, Inc.

4. Sommer, T.P., So R. M. C. and Zhang, H.S. (1993) «Near-wall variable Prandtl turbulence model for compressive flows»,
AIAA Journal, vol. 31.

5. Menter, F.R., Kuntz, M. and Lantgry, R. (2003) «Ten years of Industrial Experience with the SST Turbulence model»,
Turbulence, Heat and Mass transfer 4, Begel House, Inc.

10



